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= Algorithm Lifecycle — CGS Support [3]

= Algorithm Change — Modified Approach [4]
= Sustainment Mx Support [3]

= Development Blk 2.x Support [5]

= Mission Data Support [1]

= Analysis Tool Development [1]

= Accelerated Release Cycle [4]

= Backup [41]
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== JPSS CGS Organization and Services
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<GS COAST Charter and Services

= COAST is avirtual IPT, supporting the JPSS CGS algorithm activities, to
ensure algorithm activities are efficient, effective, coordinated, and
timely

* Includes Intensive Cal/Val, algorithm assessment, recommended
algorithm updates, algorithm verification, and algorithm management
(e.qg., giver/receivers)

= Quantitatively assess and ensure the correct implementation of the
operational algorithms through the evaluation of the quality produced
within the data products (SDRs, EDRS, IPs, GEOs, etc.)

= Develop, integrate, and utilize Data Quality Analysis Tools

» Support sustainment/development activities to update, implement, and
deploy operational algorithms

COAST acts as CGS POC for all Algorithm-related
interfaces to NASA/NOAA DPE/DPA/STAR/OSPO groups
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COAST

Fix /
Update Evaluate

Board

. Update
Approve Implement Verify Install

tools

OAA OAA OAA CS OAA OAA Sust MST OAA
RTN  sustsw/se  sustsw Sust SE Sust SW Sust SE SustINT  Sust SW/SE
IDPS SW/SE IDPS SW IDPS SE IDPS SW IDPS SE IDPS SW/SE
th Science Teams Science Teams DPE DPA DPE DPA DPE Science Teams
DQST DQST DPE DQST DPE DPE
DQE DQE JPSS IDPS DQE DQST DQST
DQE DQE
H /W OPS (I&T) GRAVITE OPS I&T OPS I&T OPS I&T OPS I&T GRAVITE
GRAVITE ICF GRAVITE Factory GISF GRAVITE ICF
ICF Factory GISF Factory GISF Factory IDPS  Factory GISF Factory GISF
Factory GISF Factory IDPS Factory IDPS Factory IDPS Factory IDPS
Factory IDPS OAA HW OAA HW OAA HW
OAA HW

Key: RTN CGS: CS, OAA, Sustainment, IDPS
Government: Science Teams, DPA, DPE, DQST, DQE, Operator, GRAVITE, etc.
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= “Block 1.2” S-NPP processes, design, and tools applied to Algorithm
Change in “Block 2.0”

* Project’s Algorithm Change Management Plan (ACMP) sets overall
approach
— COAST manages Raytheon activities within context of ACMP

= Rapid accommodation of algorithms into operational system enabled by
process, design and tool features

— Early integration of science and engineering teams mitigates technical and schedule
risks and reduces rework

— Algorithm Development Library (ADL) and Binary Algorithm Adapter (BAA) speed
operationalization

— Testing approach maintains strong pedigree to comprehensive S-NPP test campaign,
while reducing cycle time

— Accelerated Release Cycle (ARC) shortens time to implement in OPS

Block 1.2 Lessons Learned Used to Refine Process, Tools and Design
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Algorithm Change — Modified Approach (2/4)

Raytheon

Intelligence, Information
and Services

(SV-4 Systems Functionality Flow Description [ j=#/SV-4 L3a ACP Process Overview U

Identify

Discrepancies

Process New
Requirements

Science

Implementation

Algorithm Change Mgmt Plan (ACMP) View

Draft ADRs
Investigate, =
edlatastores Review V‘;ﬂfy & "
est ‘ ‘

ADR System AP Preliminary CCR | Science  Proposed CCR
Drat ADRs LEGEND:

r 4

Approved CCR,
Algorithm Change Package,
Funding

Update Software
Implementation

L]
el
L]
L]
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L
[

Data Products Algorithm
{DPA) — Management Group

DPA - Algorithrm & Calibration/
Validation Science Teamns

Instrument Science Teams

Data Products Engineering
(DPE)

Review Boards

CGS Contractor

Mission Operations Team /
Mission Operations Support Teamn

P
SW Update,
Configuration Data,
Tech Docs

Close CCR, then ADR

02-TMG-GSCDR-04
02-TMG-GSCDR-08
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* The traditional waterfall approach where algorithm
science team develops/tests algorithm updates
then provides the algorithm update package to
Raytheon CGS to implement has been inefficient.

= The modified approach is built on a more
collaborative relationship to achieve higher
efficiencies and rapid implementation.
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I N R

Science Development

Initial Algorithm Change
Package (ACP)

NASA Integration and
Verification of ACP

Operationalization/Integr
ation at Factory

ARC

Verification

Algorithm science team, STAR AIT, and Raytheon stand up a B
collaborative development environment

DPA coordinates TIMs with all stakeholders 80 ]

Algorithm science team, STAR AIT, and Raytheon collaborateon @) @
initial ADL version of the algorithm update to ensure operational

aspects are considered/well-understood up front, interfaces

identified, adequate test dataset socialized, impact to

downstream algorithms assessed, etc.

STAR AIT creates package and performs initial tests; DPA, DPE =~ 8] @
AIT and COAST review. Package provided to DPE

DPE completes ACP, AERB approves and drops to Raytheon wm]
IDPS/Sustainment

Raytheon integrates ACP into operational baseline, executes
performance and B2B tests at factory, receives feedback from
DPA

Package goes into "Consolidated” Accelerated Release Cycle Bl
(Sustainment/Development)

Verification event executed for requirements sell-off O

02-TMG-GSCDR-04
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» DR Lifecycle

— Initial interaction w/ Science teams during which issue is socialized
before formally being elevated to a DR (OAA provides
feedback/quick investigation)

— Once DR is formalized, OAA socializes the DR w/ Sustainment and
works w/ algorithm JAM/Cal-Val team on the CCR package content
(ensures completeness, adequate test data, impacted ICDs are
accounted for, impacted downstream algorithms are accounted for,
etc.)

— Once CCR package is received, OAA works with Sustainment
(provide technical guidance to SW RE and collaborates w/ SE RE
on CCR impacts) and IDPS (if any impacts to Development)

— Coordinate TIM(s) w/ Cal/Val team(s)

— DR/CCR - PCR: OAA works with SW RE and provide guidance
when it's needed on implementation, supports Unit Test “UT”
verification
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* DR Lifecycle (Cont.)

— PCR -2 Build: Verify (on the integrated chain level) that
Implemented change resulted in the intended results and no
unintended side effects are present.

= Algorithm Quality-related PCR Verification

— Previous step of UT—level PCR verification (using stand-alone
algorithm update) ensures algorithm update per implemented PCR
meets the intent of that algorithm change.

— This step uses the actual build, where that algorithm change is
merged into, and repeats the previous UT-level verification steps to
ensure algorithm change merged correctly and no unintended side
effects of that algorithm update WRT other merged algorithm
updates.

HARDCOPY UNCONTROLLED Page 11



(\ N
A PSS G
NN ommon Raytheon

Ground Syst . .
round System Intelligence, Information

PSS Sustainment Mx Support (3/3) G

= Build-2-Build Checkout/Verification
— B2B activity/artifacts are part of the Sustainment Mx SW Release

Review (SW RR) package.
— Atrtifacts are provided to DPA to ensure/show the level of rigor
followed to test the implemented changes in the delivered Mx build.

— More on the B2B activity in the “BACKUP” section.
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= Similar to Sustainment Mx Support tasks (i.e., B2B activity, PCR
verification, etc.) but on the IDPS development side.

= Liaison b/n Sustainment and IDPS to ensure all algorithm related
Issues are addressed properly across Sustainment and
Development.

= Development POC collaborating w/ Science teams for J1 algorithm
updates.

= Support SRS reviews.

= Support Algorithm Assessment Verification (AAV) related testing
activity (more on AAV in the following slides)
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=  AAV Plan

— Provides the plans and methodology for verification of IDPS Processing (PRO)
requirements during IDPS Block 2.0 AAV event.

— AAV event is the timeframe for the verification of the PRO algorithm-related
requirements; these requirements have a verification method of “Analysis and Test.”

— The data is produced in the QUAL Increment 3 test event and the analysis is performed
in the AAV event timeframe.

— Factory Acceptance Test (FAT) and Site Acceptance Test (SAT) activities are the
responsibility of the JPSS CGS Systems Engineering, Integration, and Test (SEIT)
organization and are therefore not covered in AAV plan.

Hssji\er Fado'y CGS Site

CGS IV&T Approach

G ore Early Central Install
Development |ntegrstion arly Central Insta
s | phased g 1ntegration
: ccs | - _ _
SEIT GE s Factory [ | Install | SiteIntegration |\ Bl Transition Note: Block 2.0 QUAL is
ntegration Integration | 28 AT ..
Early Bxternal composed of 4 mini QUAL
Subsystem IDPS s Interface + WAN o events, i.e., Increments 1, 2,
L Development | "=or<ton [Qyajif ~tegration abArnktsennas/Cwl 3&4
/ + Centrals HW
oS + ISFs
Hand over
| | ']
Block 2.0 Qual

¥
AAV (ends in FAT)
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= AAV Plan (Cont.)

— AAV requirements refer to the EDRPR* in the requirement wording, and are
organized per product. Every product has up to 3 separate requirements:
* For the “Basic Functionality” of the algorithm: The Processing Sl shall generate

the xxx XDR as specified in Section a.b of the JPSS Environmental Data Record
(EDR) Production Report for S-NPP, 474-00012.

« For the algorithm Exclusions and fill: The Processing Sl shall provide fill values
for the xxx xDR in accordance with Section a.b of the JPSS Environmental Data
Record (EDR) Production Report for S-NPP, 474-00012.

» For quality Flag implementation: The Processing Sl shall generate the xxx xDR
Quality Flags that are listed in Table a-b of the JPSS Environmental Data Record
(EDR) Production Report for S-NPP, 474-00012.

*Although SRS docs are now (as of 10/31/13) under contract, i.e., official,
however, currently algorithm-related requirements still reference EDR-PR.
These requirements will be updated to reference the appropriate SRS
volumes once SRSs are approved (planned at the 1/8/2014 AERB).

SRS Volume CM Board Technical Jurisdiction Heritage
1 Ground ERB NASA CM EDR-PR, EDR-IR
2 Ground ERB Raytheon CDFCB
3 AERB Raytheon OAD
4 AERB DPA EDR-PR QF Table
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= AAV Plan (Cont.)

— The verification of the 3 types of requirements utilizes a common strategy:

» Continuous pedigree (or lineage) of the Build to Build (B2B) Quality Assessment
Ensures updates to the operational “sustainment” and development baselines have been
evaluated for algorithm performance.
Maintained along the sustainment baseline until is transferred over to development.
B2B check will be done using a semi-automated analysis process using the Quantitative
Algorithm Analysis Criteria (QAAC).
QAAC will be made up of a range of allowable differences for each algorithm between the
operational sustainment baseline and Block 2.0 development baseline.
Allowable differences are expected because of platform differences as well as
functionality affecting algorithm results that may be in one baseline but not in the other.

» Specific tests for algorithm production Exclusions and Fill Values
Use appropriate datasets needed to trigger the specific conditions tested.
Tests are documented in the pertaining algorithm sections in the AAV Analysis and
Inspection Report (AIR).

» Specific tests for Quality Flag (QF) triggers

= In most cases these tests require specific Non-nominal datasets.

QF testing is documented “AAV Plan” and has been communicated with the various
algorithm Cal/Val and Science teams.
AA QFs are tested mainly in the B2B process and then only a subset are further tested
with special datasets.
Tests are documented in the pertaining algorithm sections in the AAV AIR.
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= PCR Verification

— A PCR is a Problem Change Report / Request — either a discrepancy or
change to Code, HW, Configuration or Document.

— A PCR is categorized as

« Path A: Used during Design/Code and Unit Test “CUT” for developers tracking
internal problems

« Path B: Detected after the associated Build’s Integration Readiness Review
“IRR” but before Test Readiness Review (TRR)

« Path C: Noncompliant requirements (Failed or re-opened based on PCR/ECR
flowdown)

— Path C is a more efficient (cost and schedule) way to get new functionality into a
baseline when

 the requirement functionality has already completed a verification event or
 the requirement fails during the normal verification cycle.
— Path C process requires additional formal steps to verify that the PCR fix is correct.

» Note: New QFs that are implemented in operations during S-NPP Intensive
Cal/Val phase are verified as part of the sustainment maintenance release
process are documented in a Path C PCR Supplemental AIRs (S-AIR).
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= Develop test data to support OAA analyses

= Support IDPS/Sustainment/SEIT mission test data
needs
— Mission: SNPP, J1
— Dataset characteristics: focus day, none-nominal
— Purpose: B2B, PCR verification, DR/CCR support

— More on the development of “focus day” dataset in the
“‘BACKUP” section.
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= Develop a Tool Suite that is expandable, flexible, configurable,
scalable, object oriented, adheres to SW standards

= Share with Cal/Val teams developed guantitative analysis tools (e.g.,
DQL, QCV tool suite, IDPS2KMZ and Selective Granule Finder)

= Tool suite offers unique capabilities to test and evaluate the impact of
software code, LUT or PCT changes on algorithm performance
iIncluding output SDR/GEO/EDR/IP.

= The Selective Granule Finder allows Cal/Val teams the ability
quantitatively discriminate/identify desirable NPP granules based on
combinations of specific geophysical parameters of interest.

= OAA is continuously enhancing and adding more tools to its tool suite to
provide more efficient methods/processes to support algorithm related
analyses.

= More on OAA Tool Suite in the “BACKUP” section.
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= ARC process is created to establish regular, efficient and
“quick” release cycle for IDPS “Sustainment/Development”
software releases to support algorithm updates for the
remainder of SNPP Cal/Val and incorporation of J1
algorithm changes.

= Although ARC process primarily intended to support
algorithm-only releases, however, additional content (none
algorithm related) may be accommodated as approved by
the Implementation Control Board (ICB).

— Additional content may extend dry run, regression, and ITCO
periods

= No more code cutoff condition levied on Science teams to
meet a specific build deadline

— For Mx8.3 (15t ARC), internal code cutoff to merge Sustainment SW
code updates is 1/13/14
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Accelerated Release Content — N Week
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= Consolidated Block 1.2/Block 2.0 ARC

— Approach is driven per a concern regarding synchronizing algorithm
updates for Block 1.2 along with Block 2.0

* Requirement to maintain both baselines with current changes
« Must maintain algorithm quality

— Approach is based on combining algorithm management efforts for
both Sustainment (Block 1.2) and Development (Block 2.0)

— Consolidated ARC approach would handle algorithm updates
through an efficient and consolidated effort

« Currently, most algorithm updates from Sustainment Mx builds are not captured
in Development “synch-ed w/ Block 2.x builds” until 3-4 months later

« Currently, resynch efforts are complex and convoluted due to divergent baselines
» Duplication of OAA activity supporting multiple baselines (Mx and Blk 2.x) based
on split schedules, i.e.,
= Supporting SW RE during algorithm update implementation
(Sci20ps), e.g., UT analysis, review
= Supporting PCR verification once algorithm update is merged into a
build
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= Consolidated Block 1.2/Block 2.0 ARC (Cont.)

= Supporting B2B
» Sustainment: Mx AlX B2B, Mx ADL Linux vs Mx AlX B2B

» Development: Block 2.0 Linux vs Mx AIX B2B

« Aforementioned activity is doubled per algorithm update when that change is
Implemented separately (separate PCRS) in Sustainment and Development builds

« Consolidating the algorithm update effort for both Sustainment and Development
will consolidate OAA aforementioned efforts, thus resulting in savings (resources,
schedule)

— More on the “consolidated ARC” in the “BACKUP” section.
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= Data quality
— Evaluate a sufficient spectrum of environmental scene conditions,
using controlled input data, produced by an integrated environment

as near to OPS-like as is feasible, to ensure Operational quality
performance and to match intent of science community

— Characterize change: Detect, attribute, verify (maintain algorithm
pedigree)

= Qperational issue avoidance

— Produce data and analysis such that unexpected problems can be
detected and eliminated before delivery to OPS

— Characterize complex systemic problems to facilitate
communication

= Collaboration

— Work with Cal/Val to (1) understand change intent (early), (2)
discuss anomalies and downstream impacts (later), (3) verify
schedule and change scope to IDPS I&T and OPS strings (post
deployment)

— Work with Sustainment closely to investigate unexpected change

— Work with IDPS/SEIT frequently to communicate and approve
analysis
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*—0—0—00—0—0 —00080-0—0
2008 2009 2010

« Quality Characterization | < Data Quality change |- Integrated Chain
and Visualization (QCV) | terminology defined | evaluation process established
tool development

2011

« Incorporation of XML functions
« Supplemental Verification Reports (SVR)

2012

« Incorporate SVR tools (internal consistency)

* QCV platform independent changes (Windows, Linux)

* Problem record (DR) and task tracking tool for LOE effort
* Focus granule tool developed and used to evolve test data
* Incorporation of DQL as part of OAA analysis suite

- B2B difference tracking tool

* Test data evolved to May 15, 2012 Focus Day

. B ZB ay ent  Formal peer review process implemented

2013

« IDPStoKMZ — mapping capability

» VOID - stand-alone and non-deliverable comparison
- Summary package distributed externally

* Process developed to ensure algorithm quality in S-NPP

— 14 Sustainment evaluations performed to date, started in May 2010 with Mx2 to
SC7.1
— 165 PCRs generated through specifically OAA B2B evaluations since inception
« 77 additional PCRs from SVRs
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- Overview (1/2) ond service

* Planning - technical decoupling (function from algorithm) to
maintain focus on algorithm pedigree — as needed

= Execute and generate data — 2-4 days

= Analysis and results — 1-7 weeks*
— The machine tells us what is different, analysts determine difference

“‘goodness”

— Evaluate all non-zero differences, monitor results for human-injected
errors

— Three types of change:

1. Expected change — CCRs, DRs, PCRs (“easy”) .

2. Unexpected change — man-made patterns (“easy” to “medium”) } Time

3. Unexpected change — organic patterns (“medium” to “difficult”) coNSUMErs

— Raytheon supports, but does not decide on, Science performance
« This is a Cal/Val objective

= Peer Review and adjudication — 1 week
— Review is performed as analysis results are available
— We do not wait until the end of analysis
* Calendar time
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- Overview (2/2)

Raytheon
Intelligence, Information
and Services

XDRs, GranGIP/Anc

Control

S

>

Distribution

LRDRln ts “““ Experimental s
(Test granules/orbits)
__________________________________________ Test output
Mission Test Data Factory environment XDRs, GranGIP/Anc

Sensor Granules Tests Pixel Differences
VIIRS 22 69,136 97 B
CrIS 384 4,643 2B
ATMS 384 774 80 M
OMPS 161 580 32 M
CrIMSS 384 247 110 M
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- Mx-to-Block 2.0 and Services

= Encompasses Sustainment Mx builds, Development Block 2.0 builds,
Merges from Sustainment to Dev

Sustainment Mx Baseline

Mx5.3 Mx6.0 Mx6.1 Mx6.2 ....... Mx7.1 Mx7.2 Mx8.0 MX ....
X
AIX
sT—3T{—>>
Development
Branch
Linux Y ‘L %
<€ > € > € > € > €
Development Block 2.0 Baseline (leoc:< Z-g
ual an
£ >» Sustainment Regression Tests AAV
< > OAA B2B Quality Assessment
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- Algorithm Pedigree and Services

= IDPS to IDPS (Verified Ops from prior build to Ops)

Ops 2 Verified Ops 3
N Im—

= IDPS to IDPS-Truth (Verified Ops from same build to Ops)

Ops 3

N
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cGs . . d Servi
- Analysis Process Overview and senices

= (A)nticipate
— Anticipate, understand, and prepare for IDPS change

— Translate scope of science change to our analysis data and
environment

= (F)ind/(F)ix
® B2B clock starts
— Monitor and evaluate intended change (date/time, type, nature, scope,

Impact)
= (Target/(T)rack
— Implement focused monitoring (spatial, temporal, phenomenology)
— Engineering judgment, collaboration (science knowledge-base)

» (E)ngage/(A)ssess
® B2B clock ends
« Customers, management, mission partners (result-based)
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- Pre-B2B Activity and Services

= (A)nticipate
— Anticipate, understand, and prepare for IDPS change

— Translate scope of science change to our analysis data and
environment

Sustainment

development _
IDPS change and PCR Peer - IPr_owde_f
drivers (CCRs,  Review (Unit Test)  oaa generates ana YtSC;SPaCrFt{' acts
DRs, PCRS) analysis artifacts Peer Review

(Characterize)
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N A JPSS Common mon
Jg,\sg Ground System Build-2-Build Assessment (9/11) Intelligence, Information

- B2B Execution and Analysis and Services

= (F)ind/(F)ix

— Monitor and evaluate intended change (date/time, type, nature, scope,
Impact)

OAA analyst

generates
integration data
OAA analyze Unknown or unexpected
implemented source of

changes (parallel) change detected
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S pss common Raytheon
s Gound 3 Build-2-Build Assessment (10/11)  intelligence, Information

- B2B Analysis ond service

= (T)arget/(T)rack
— Implement focused monitoring (spatial, temporal, phenomenology)
— Engineering judgment, collaboration (science knowledge-base)

} '

Maintain Alg Focus

et
» N )

OAA findings c % 3 G }
discussed with | 1% | C icat
Sustainment and ‘a\q?‘ﬁ = O CALe

Cal/Val Sustainment, N
PRO SE,

Cal/Val teams Interrogate/Characterize
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- JPSS Common

comdasen— Build-2-Build Assessment (11/11) |..te'mge.3m_ Information
- B2B Analysis, Communication ™™

(E)ngage/(A)ssess
— Customers, management, mission partners (result-based)

SW Leads
Engineers

- COAST (OAA, SAM)
- MDS

PRO SE
Requirements
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Jpss Ground System Intelligence, Information
s and Services

BACKUP
OAA TOOL SUITE
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K\7\_ JPSS Common wm
Jfl;\s,g Ground System OAA Tool Suite (1/7) Intelligence, Information
s and Services

Logical View

2]
C
)]
t
=
- |
3
()
>
—~

Science Team

Algorithm calibration, validation, and development
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S Jpss common Raytheon
_Jfl;\Sg Ground Systerm OAA Tool Suite (2/7) Intelligence, Information

o= and Services

= Qualitative and guantitative analysis of IDPS Operational data products

Be L Do Codioe Mvdon ke

= Sophisticated MATLAB-based tool (CMD line) ===
= [ndividual granule or batch-level execution
» XML-based data format and analysis configuration

= Compares IDPS to IDPS or Science output results

=
1 — i ) £ ] 24

= Statistics for Single Granule and full dataset (multiple granules)

= Analysis results are quickly summarized and immediately accessible via
spreadsheet templates

» Visualization aides include Google Earth KML/KMZ
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S Jpss common Ravtheon
% Ground System OAA Tool Suite (3/7) Int:’l"ligence, Information

and Services

= Data Sources
— Operational HDF5 files
 Flexible data input using SW configuration XML (DDS, PRO)
— Operational DMS savesets
* Reads DMS savesets using SW configuration XML (DDS, PRO)
— Operational Binaries
* Binary-2-ASCII-2-Binary conversion R

27-Jun-2011 15:54:50 Found MATLAE DDS XML format savefile [0:)MATH
27-Jun-2011 15:54:50 Attempting to locate PRO ENML file [VIIRS_IZ_H
27-Jun-2011 15:54:53 Found MATLAE PRO XML format savefile [Q:%MATH

* Provides Binary evaluation and manipulation|:ms: s =i e

0

=

65 metadata items extracted
27-Jun-2011 15:54:55 Successfully read IDPS data in HDFS format fd
. 27-Jun-2011 15:54:55 Traversing PRO XML structure: extracting arre

N t I f t 27-Jun-2011 15:54:55 found [radience Factors] factors reference 1
- O n_opera Iona Orl I la S 27-Jun-2011 15:54:55 found [Bt_refl Factors] factors reference in
27-Jun-2011 15:54:56 15 bit field(s) extracted
27-Jun-2011 15:54:56 3 spare hit field(s) extracted

27-Jun-2011 15:54:56 1 pad field(s) skipped
L] I le 27-Jun-2011 15:54:56 Read of [GIMGO-SVIO1-SVIOZ-3VIO3-SVID4-SVIOS |

Summary of VIIRS_SDR_REFLECTIVE_LUT #> datall}
DN_obe_avg_first_frame
ans =
« HDF4
Name Data Fiell Dimensions ID: 'WIIRS-IZ-SDR'
. Ples_[Ofiset path: '/ill Data/VIIRS-IZ-SDR_A11l'
DN _obe_avg_first_frame 2bytes 0 Name Attribute Name Granule Boundary Location Dynamic Field Names Max Index Min Index - -

Datum pathtype: 'Datakrray’

Name OffsetSeale Measaroment Range Range Data Fill Valees [Logond parentindex: []
[ ] Units Min Max  Type Entries . i Rad ,
DN_obc_svg frst frame0  Dymamic Attribute Data Location tsiless o Mt 161416 NameValue Name Value adlance

Name  Type 1
No
waluetype: 'uintlf’
DN_obe_avg_num_frames waluedefault: []
wvaluefactorsref: 15
Fields valusuom: 'Tatcs/ (w"2 micrometer sr)'
Name Data Field Dimensions valuerangemin: '0'
Size Offset
DN_obe_svg_smam_frames Zbyies, NamoAttribate Name Grasule Bousdary Location Dynamic Field Names Max Indes Min Index valuerangewax: '1800"
Datum offset: []
Name OffsetScale Measurement Range Range  Data Fill Values  Legend
Usits Min Max . Entries [1538 6400]
DN_obe_svg_mum fames0 | Dynamic Attribute Data Location uilless 0 Madatl6lt16 NameValue NameValue [6400x1536 uintis]

No ¢'I_VITIRS SDR _ROWS' 'I_VIIRS SDR_COLS'}

e
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% Ground Systerm OAA Tool Suite (4/ 7) Intelligence, Information

and Services

Example — VIIRS SDR

. VIIRS SDR CAL - Imagery Resolution - Radiance - 11 (Day/Night status: Day) val R
Tltle Min/Max Data: 10.969/634.91, Provided: 0/500, Plot: 10.969/499.98 a €4
Mean 0.000e+000  N/A ..
IDPS Data: NPP001212013860 (IDPS Build: Build Mx5.1) 1c 0.000e4000 1.850e-002 Statistics
(Black = Fill, White = Exceeds Min/Max Provided) 26  0.000e+000 3.700e-002
3 < AP CAREY, Mg ———— o4 ' 500 30 0.000e+000 5.550e-002
Reference T e s TS G o 400 Max(Abs(Diff)): 0.000e+000
= 500 % ; Pass/Fail: PASSED
< 300
E 1000 200 Total Pxls: 9830400
= 100 Not Fill: 8564736
1500 E ¥ £ ¢ . ; = . Both Fill: 0
1000 2000 3000 4000 5000 6000 Trim Fill: 1265664
Mismatched: 0
cross-track {column)
BIFFERENCE HISTOGRAM
10 "
IDPS Data: NPP0O1212013860 (IDPS Build: Build Mx5.E)
(Black = Fill, White = Exceeds Min/Max Provided) 5
R vy e — 500 10} 3
To be verified 2 0 400 ;
= 300 107} :
@ 200
£ 1000 .
£ 100 | o= 10') ] Pixel
: 4 [
1500 YIS AL : 5
1000 2000 3000 4000 5000 6000 S il ] Counts
cross-track {column) and
5 .
10°} ] Difference
DIFFERENCE .
Min/Max Diff: 0/0; (Black = Both Fill, White = Mismatched) o HlStOg ram
. . . : 1
. z
Difference | £ s : 05 Ty —
= 0 -1000 -500 0 500
£ 1000
2 -05 \J'W(m2 Srum)
1500 : ! ! . -1
1000 2000 3000 4000 5000 G000
cross-track {column)
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\7\ JPSS Common Wm'.
== Ground System . . .
JPSS 00 ulte Intelligence, Information
_GS .
and Services
Example — 2-D plot
val Req
Error Rate 0.000e+000  0.000e+000
Summary - CriS SDR - CriS SDR Quality MD (Day/Night status: N/A: Full Dataset) Error Rate Threshold: 0.000e+000
Min/Max Data: 04100, Provided: 0/100, Plot: 0/100 Max(Abs(Diff)): 0.000e+000
blue - IDPS Data: DATASET 4 (IDPS Build: Build Mx5.1) Pass/Fail: PASSED
red - IDPS Data: DATASET 4 (IDPS Build: Build Mx6.4) (Black = Fill)
, : : : : : , Total Pxls: 367
- 100 Not Fill: 367
= Both Fill: 0
- 90 Trim Fill: 0
E 80 _ Mismatched: 0
©
C:; 70 - DIFFERENCE HISTOGRAM
10 —
X &0 B
()
o) 50 B
w
— 40 _
Q
Z.. 30 T 102 L 4
g 20 .
E [ o=
S 10 3
w 5]
O .
| | | | | | | 1
50 100 150 200 250 300 350 10} 1
Granule
)
=
>
% 'IOD
DIFFERENCE B —
8 Min/Max Diff: 0/0 (Black = Fill) 5432101234
! 1 T T T T T T T Unitless
()
22 I
2
6 _1 | | | | | | |
> 50 100 150 200 250 300 350
ot Granule
£
£
=
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Raytheon

N4
JPSS Common
r\q . .
Intelligence, Information

25 Ground Syete OAA Tool Suite (6/7) intelligence,

cGaGs

= CrIMSS EDR Ice Mask QF incorrectly reporting ice on
water surface (accounts for land also), DR 4400
Before Fix

After Fix

+*

LR 2

ey
-y
*

-
PR L
e T
- YT ey
+

PR L
- ¥
*

. / CrIMSS Ice Mask QF | Page 43
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JPSS

(Q JPSS Common
== Ground System

cGaGs

OAA Tool Suite (7/7)

Raytheon

Intelligence, Information
and Services

In-track

Inetrack

In-track

= CrIMSS Ice Detection QF Verification
— Comparing CrIMSS Ice Detection QF to VIIRS Ice Fraction in VIIRS-I-Conc-IP

Before Fix

ICE VIIRS vs. CriIMSS (Day/Hight status: HA)

Abs min/max: -1.7977e+3001.7977e+300; UOM: UOM; Plot min/max: 04

Array A: VIIRS Granule (IDP'S Build: HA)
(Black=0utOTRange)

2

4

E

g

10

12

s 10 15 20 25 30
In-scan
Array B: 3 CriMSS Granule (IDPS Build: HA)
(Black=0utOfRange)

2
4
B
g
10
12

= 10 15 20 25 30
In-zcan
DIFFEREHCE
Diff minimax: -1M; (Black=0utOfRange, White=Mismatched)
2
4
B
g
10
12
B 10 15 20 25 30
In-scan

0s

Total Pixels: 360
Both Eval: 360
o Eval Hot Equal: 215
Eval Mean Diff: 5.694e-001
Eval Mismatched: 0
Both Hot Eval: 0

DIFFEREHCE HISTOGRAM

10
1
0s 12l -
o =
5
3
(4]
10"k -
1
10”
0 A 0 1

UOm

In-track

In-track

In-track

After Fix

ICE YIRS vs. CHIMSS (Day/Night status: NA)
Abs min/max: -1.7977e+300/1.7977e+300; UOM: UOM; Plot min/max: 0/1

Array A: VIIRS Granule {IDPS Build: NA)
(Black=0OutOfRange)

(=R N ]

5 10 15 20 25 30
In-scan

Array B: 3 CrIMSS Granule (IDPS Build: NA)
(Black=0utOfRange)

RO @ B

5 10 15 20 25 30
In-scan

DIFFERENCE
Diff min/max: -1/1; (Black=OutOfRange, White=Mismatched)
T T

[ Rr=T- e, R S S
T
|

HARDCOPY UNCONTROLLED

Count

Total Pixels: 360

Both Eval: 360

Eval Not Equal: 45

Eval Mean Diff: 7.500e-002
Eval Mismatched: 0

Both Not Eval: 0

3 DIFFERENCE HISTOGRAM

UOM
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and Services

BACKUP
FOCUS-DAY DATASET
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N0\ 2755 common. Focus-Day Dataset (1/9) Raytheon

JPSS Intelligence, Information

= - MEthOdOIOgy and Services

» Re-use experience gained working with proxy datasets to
identify a methodology (*requirements*, tools, approach,
analyses, etc.) that will lead to the identification of a

Focus-Day dataset

— Selected VIIRS granules
— 2 orbits worth of CrIMSS/OMPS granules

» Ensure methodology is easily duplicated — bearing in mind
that more Focus Days will be forthcoming, hence, the
need for more datasets
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N0\ 2755 common. Focus-Day Dataset (2/9) Raytheon

JPSS Intelligence, Information

o= - Ap proac h (1/4) and Services

= First, use the May 15", 2012 Focus Day as the “Data Mining”
field to “Search, Characterize and Identify” those granules of
Interest - good representatives of the VIIRS chain algorithm
characteristics and QFs -according to predefined criteria:

— Tropical day, some non-cloudy ocean, some non-cloudy land lallb
— Mid-lat day, some non-cloudy ocean, some non-cloudy land 2a|2b
— Polar day, 3
— Tropical night, some non-cloudy ocean, some non-cloudy land 4al4b
— Mid-lat night, some non-cloudy ocean, some non-cloudy land 5a|5b
— Polar night, 6
— Sun glint 7
— All-land 8
— All-ocean 9
— Terminator 10
— SZA thresholds:

+ 85 degrees (most day-only EDRS) lla

* 89 degrees (SDR Refl) 11b

(OCC, ST)

- 80deg (AOT, SM) 11d
— SAA 12
— VIIRS SDR saturation (M6) 13
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N\ 775 common Focus-Day Dataset (3/9) Raytheon

Gi d Syst . .
Jpss “fedna oystem Intelligence, Information

s - Approac h (2/4) and Services

= Second, identify granules that may have any of the following
behavior (if none found, then identify candidate granules to

modify to trigger this behavior, i.e., non-nominal ):
— Bad Detector(s)

— Missing A&E data

— VIIRS Carefully Designed Catastrophic Non-Nominal (CDCNN)

« Remove specific VIIRS EV, Cal, and Eng/Thermal packets through a single
granule to trigger as many fill and QF conditions as possible throughout the
chain

« Example:

= Missing EV AP in M15 band: Affects SDR, Imagery EDR, IST EDR,
LST EDR, SST EDR

= Missing EV AP in I1 bnd: Affects SDR, Imagery EDR, SIC EDR. Snow
EDRs, VI EDR

= Missing CAL AP in M5 band: Affects SDR and cloud EDR QFs
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N\ 775 common Focus-Day Dataset (4/9) Raytheon

Jpss Ground System Intelligence, Information

oS - Approac h (3/4) and Services

= Third, augment the identified granules/datasets “within the
May 15™, 2012 Focus Day” with additional granules/datasets
“outside of the May 15", 2012 Focus Day” to account for the

following characteristics:

— Solar/Lunar Eclipses
— Maneuver
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N\, 7255 Comman Focus-Day Dataset (5/9) Raytheon

JPSS Intelligence, Information

cos - A pproac h (4 /4) and Services

NPP Orbits — May 15!, 2012 Focus Day

EFOCH=12137 16054259 — — — UPDATED=2012137

[CHED) !

e )
i3

1 HFF FREDICTED FARSSES HMAY_15:.Z201=2 ¢ DAY 20121236 1 tALL TIMES IW UTC) HMcIORS
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S pss common _ Ravitheo
J§§ Ground System Focus Day Dataset (6/9) Int:’lll.ligente,':nfurmatiun

s - “Data Mining” Tool (1/4) and Services

= Exploit VIIRS Cloud Mask Quality Flag IP

— “Canary” algorithm; major influence on downstream algorithms

* Link VCM QF characterization with “logical ANDs”

— Include geolocation, sun-earth-satellite geometry, misc. metadata

= Employ COTS tools to collectively determine NPP Selected
Granules
— GUI: Macro-enabled Excel Worksheet
— Analytics: MATLAB
— Visualization: Google Earth

» Raytheon Data Quality Management-Lite (DQL) — KMZ

= nt emonstration — “Case 2h”

— Mid-lat day, somenon-cloudy ocean,so@won—clou@
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Raytheon

Intelligence, Information
and Services

(Q JPSS Common
AN
P2 Ground System

caGSs

Focus-Day Dataset (7/9)
“Data Mining” Tool (2/4)

™ Golden Grarle finder Plus GEO 52 Bumdie.sds
Iroet Fomar ois G wndoe teb
P2 V0 & aB-F9- Br-HIU Bew -af
s B LU EEWEM S R ®=-2-A-

1

| Cloud Mask Tuslity Fixel

E]

4

il

s 1 Bl cloudpetection snd Confidence Fixel (T

7| Frababiy Couds

] Corhensly Chussy

3

10 3 Dap/night Pixel

|

1z 4 (] Snow/Ice Surface Pixal

13

14| 5 O Sun Glint Pixel

15

1

17|

1@ ¢ 5] Land/Water Background Pixe!

13|

£

|

az

a2 7 m ‘Shadow Detected Pixel

2a|

25| 0 =] Pan Cloud Dbstruction (Heavy Agrosal)

£

a7 3 O Fire Datected (Cloud Mask)

28|

£ 10 =] Cirrus (S0lar RM3)

an|

ENN 1 (m] Cirrus 1R

32

33 12 (m] R Threshold Cloud Test (BTh15) Pixel

|

35| 13 (| High Cloud Test (8Th12-8TH15) Pixel

E3

ol e — 3 Tarmnacarsira Diffacanca Tacr (RTAEL: e —
64 % HAYCM OF Search Criteria / 14l
[ . INELFEY T RIS |
s (3 @ (5] acrosctt excel - vemGo. .| ) 1smmpemz_casezb.cz . | vem P 1 1R Grarudes_t5vay2012 | o WATLAE 7.9.0(020050) | ol Conmand window | =0 2| B L1

7 bt - g scrt. |

15 May 2012 Case 2b

Qrv_veM input - Notepad

] Merosote s - .. | [ ] 15mayZ012_Camazh—. ] VEN Golden croruie .| | hPP_crorsies_16Mmy2012 | A MATLAS 790 (32005} | ol Commend indoue

2 Edar - qepATLA SCRL |

o
=
[

Granule ID

Fle Edt Format View Help
1113
21113 = e oyt TN
311]1 £ 9
ARE 5
S|1|o 20
e}z}o ;A
712|1
aHo 3"
HH 2
ho|zlo g"
11)2)1
1213]1
13|3]1
14|31
15|3]1
IER
17311
HE
1o|3]0
20(4]2
21]4]1
22|41
2341
24|40
25(4]0
26|56
27|81
slo
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N Focus-Day Dataset (8/9) !

JPSS Intelligence, Information

s - “Data Mining” Tool (3/4) and Services

Mid-lat day, somg non-cloudy ocean,Some non-cloudy land

conf clear | [} conf cloudy

US Dept of State Geographer
© 2012 Google
© 2009 GeoBasis-DE/BKG
Data SIO, NOAA, U.S. Navy. NGA, GEBCO

31°13'31.32" N 101°26'13.92" W elev 2369 ft
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S pss common _ Raytheo
_ES% Ground System FO CUS Day Dat as et (9/9) Intelligente,':nfurmatiun

o - “Data Mining” Tool (4/4) and Services

Merged Results: 15 May 2012
VCM QF-based Granule Selection Tool

 Unique approach and combination
.| of tools enabled quick, guantitative,

OCaseZa

== gnd effective identification of S-NPP

WCased

o - VIIRS Selective Granules

‘ OCaseba

120

W Case fb

‘ | HCasek
=]

0 .HH | \|I ||‘ |

W Case Mla

Bundled OF Match (%)

OCase?

l -« o Rapid interrogation, visualization,
ol

p———
—

BCase il

- and result sharing

WCaseild

20 BCaze T

OCase if

OCasstig

OCaseth

o

OCase 122
[T = R R S = = = =~ T I I N s == = = S I T B v N S V7 = == O = T = e e R L C - S BV ]
OFf @@ OGO F - OFF @ 00000800 W00« 0Ww=— @+ <D0 o= ®WwF <l k- F -
c T DN On MmO N O - M @ W G ON W 0N 0N D - o= o 2N TN o~ W gCaselh
[ - s B B =B« B = ol R S = = = R 7 - S Y S o= = = I N T (= B M = T By SO = S = = T i BT
@O T - g - T o T HDNWODHOODEOO0 00 - ¥ - T - @D WO m g0 o®
o e e = B BT I - v N xR R o o s e e O P 2 S SO P2 S« O L« = e e e R ot stared @- =
Soba00o00 00000000000 == &%=%=®%==2=m™2H™39H=%9= == I T B A
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BACKUP
COLLABORATIVE CASE
STUDY
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S Jpss common Ravitheo
J/é% Ground system— Case Study — VIIRS RSB Auto Cal (1/3) Int:’lillligente,':nfurmatiun

o= and Services

= Very tight schedule, all participants worked rapidly to implement

= Some elements of the consultation approach were exercised, and some
were not

— Collaboration was used to help compress schedule and reduce technical risk

=  Areas of Success

— DPA/Raytheon coordinated TIMs early on which helped both sides to
understand the science and operational aspects of the algorithm updates

— Early collaboration with science team on ADL compliance resulted in plug-
and-play integration into IDPS (1/2 day worth of SW effort)

» Code exchange helped both teams; Raytheon learned science aspects
and scientist gained insights into operational aspects

» Close collaboration enabled early problem identification and rapid
resolution

= |ssues identified; PCRs written and closed in same build
« Major contributor to schedule mitigation
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v\m JPSS Common R a?“'lEﬂII
Jpss Cround System Case Study — VIIRS RSB Auto Cal (2/3)  intelligence, Information

e and Services

= Areas of “Lack of Success”

— Lack of collaboration/consultation on interfaces or operability aspects
outside the ADL framework; lack of early Raytheon SE involvement

* Resulted in delays in deployment of Mx 8.0
« Cross algorithm issues were not addressed in science code
* Elements necessary for a successful RTN DDPR not identified early on
— Test data and DPE test coordination incomplete
« Unit test at science level successful
* Integration test at DPE level problematic
- DPE test engineer not involved until test execution

— Algorithm Data Package review between DPE and Raytheon would have
detected missing elements

« Large, complex package with limited documentation

» No test procedures

» Product output changed without coordination

* Integration test issues not documented and provided to Raytheon
» No feedback of RSB output into chain

HARDCOPY UNCONTROLLED | Page 57



S Jpss common Raytheon
Jrl;\sg Ground system— Case Study — VIIRS RSB Auto Cal (3/3) intelligence, Information

o= and Services

» Areas of “Lack of Success” (Cont.)

— Early evaluation of size of change would have enabled better Raytheon
planning for implementation and resource utilization

* Rushed into operational integration
= Insufficient memory testing

= Skipped integrated algorithm testing during unit test phase
(waited until integrated build testing)

= Numerous over-indexing issues
= Limited error handling and optimization performed

Early Collaboration Led to Success

Lack of Collaboration Resulted in Problems
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BACKUP
CONSOLIDATED ARC
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Gi d Syst . .
Jpss “fedna oystem Intelligence, Information

Accelerated Release Cycle (1/5) andserices

= Consolidated ARC Process
— CCR work is approved through ICB for Sustainment Mx inclusion
— OAA, SE and SW evaluate impacts to NPP and J1 baseline
— SW developer(s) assigned to Sustainment PCR
« Sustainment PCR is cloned for Development via Sustainment PCRB

— SW developer(s) completes Sustainment work
« Development PCR is worked once Sustainment work is complete
* OAA supports UT analysis, PCR verification

— Both PCR changes are merged to Sustainment and Development
branches
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JPSS Common wmnn
N

Gi d Syst: . .
Jpss “fedna oystem Intelligence, Information

= Accelerated Release Cycle (2/5) andservices

PCR Lifecycle
Submitted

PCR
Assigned at
PCRB

PCR
Recommended PCR
at BCR Merged

PCR PCR Approved
Recommended to Merge at
to work at ICB ICB
Fix PCR

Update % Complete field every week. Those PCRs that are 100% go to the ICB
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(Q JPSS Common
N
Jpes Ground System

Accelerated Release Cycle (3/5)

Raytheon
Intelligence, Information
and Services

Process Flow Example — CCR 876 VIIRS SDR RSB Auto Cal

474-CCR-

13-0876 » OAA/SE/SW ' SW PCRs ' SW PCRs
AERB _
Approved Evaluated Assigned Completed
: : SW Leads
Coordinated ‘ PCRB Driven determine

release point

Sustainment

»

Changes
merged to
baseline

A

Coordinated

Development
A 4 \ 4 \ 4
OAA/SE/SW Clone PCRs SW PCRs
Evaluated Created Completed
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Ground System . .
JPSS Intelligence, Information
= Accelerated Release Cycle (4/5 i
and Services
S . D . I d . I . 8 O
ustainment Detalled Timeline (v
FY 2014
Q1 Q2 Q3
10/11 IFDC Migration 12/20
o 11/22-25 . (o3
[ MST Ground Training Conduct \
O 11/20
MST Ground Product Development ‘
S 2/2(1)7 TOBR)
MxC1.4.13.00 O 10/24 S
Regression Test
cc TRR PTR SWRR TTO
11/13 12/3  12/10 1/9 2/20 (TBR)
o O O O O
MxC1.4.13.01 REE VG RANICE[E(]] Reg ession Test
o
LE: cc TRR PTR SWRR GO/NO
T 1/10 1/23 2/5 2120 4/3
= O O O O O
~
b MxC1.4.13.02 PCR Workoff & Integ ration Regression Test
x
8 cc TRR
s SWRR TT0 % e
¢ 10/10 011/14 Regr
Regr MxC1.4.13.03 PCR Workoff & Integration Test
LS
MxI1.5.08.00 TRR SWRR 10
fRCR 4028 1215 2/20 (TBR)
1024 ¢ " & o S
MxI11.5.08.01 PCR Workoff Regression Test
cc SWRR TTO
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